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137 Research questions 138 This study investigated graduate student teaching anxiety in Biology GTAs at a large 139 research-intensive university in Fall 2016. We collected and analyzed data to answer two 140 research questions: 141 (1) In what ways do GTAs (and certain subgroups of GTAs) differ in teaching anxiety, teaching 142 self-efficacy, coping strategies, and coping frequencies? 143 (2) How do GTA teaching self-efficacy, coping, and contextual variables relate to teaching 144 anxiety and each other? 145 Answering these questions will reveal how teaching anxiety may vary across a population of 146 GTAs in one disciplinary area and inform teaching professional development to help build 147 teaching self-efficacy and effective coping strategies among GTAs. 148 149 METHODS 150 Study Population 151 Biology GTAs at a large research-intensive southeastern university were the study population. 152 The GTAs were recruited from across the Division of Biology via a listserv of graduate students 153 from three departments (Ecology & Evolutionary Biology, Microbiology, Biochemistry & 154 Cellular and Molecular Biology) and one program (Genome Science & Technology). Of these, 155 211 graduate students were enrolled in a Masters or PhD program. As of Fall 2016, 156 approximately 94% of graduate students were seeking PhDs, and 55% identified as female. 157 158 Data Collection 159 In Fall 2016, an online survey was created, approved by the Institutional Review Board 160 (IRB-16-03235-XP), and deployed to Biology graduate students via the Qualtrics survey 161 software. The e-mail targeted individuals who were either currently teaching or who had been a 162 GTA previously. The survey was open for two weeks at the end of October 2016. We chose mid-163 semester to avoid capturing anxieties related to the beginning of the semester and give GTAs 164 time to acclimate to their multiple responsibilities that semester. To encourage participation in 165 the survey, a small monetary compensation of $5 was offered to each responding graduate 166 student. All relevant data are within the manuscript and its Supporting Information files (S1 167 Table) Teaching anxiety was measured using Parson's 29-item survey [36] , which was initially 176 developed to measure teaching anxiety in preservice K-12 teachers. The survey was further 177 adapted for our study population (GTAs) by changing verbiage addressing "preservice teachers" 178 to "GTAs". Participants rated each statement on a 1-5 Likert scale, where 1 is "Never" and 5 is 179 "Always". For example, one item states, "I feel secure with regard to my ability to keep a class 226 forms of evidence were used to assure reliability and validity of the three surveys. First, each 227 instrument was vetted for this project based on reported reliability scores from the literature. The 228 teaching anxiety scale had a reported alpha coefficient 0.93, the self-efficacy measures an alpha 229 score of 0.90, and the coping constructs of 0.94 [11, 14, 36] . We also calculated Cronbach alpha 230 scores for our GTA population. Second, content validity of the questions were checked based on 231 professional judgment by experts (one psychology faculty and 3 biology faculty) as to the 232 appropriateness of the instrument for the Biology GTA population [38] . Though confirmatory 233 factor analysis (CFA) is commonly used to validate the use of an instrument with a new 234 population, it requires a much larger data set than we had available for this project, so we were 235 not able to conduct this analysis [37, 39] . 236 237
To prepare the teaching anxiety, teaching self-efficacy, and coping item results for 238 analysis, we followed the suggested protocol for each instrument. We summed each individual's 239 responses to the 29-items to result in a teaching anxiety score, with half of the items being 240 reverse scored to adjust for positive phrasing [36] . An individual could score between 29 (low 241 anxiety) to 145 (high anxiety) on this anxiety scale. The scores for the two self-efficacy 242 constructs were compiled separately and averaged, allowing each participant to have two 243 teaching self-efficacy scores (learning environment self-efficacy and instructional self-efficacy). 244 Final scores of each self-efficacy construct ranged from 1 (low self-efficacy) to 5 (high self-245 efficacy) [11] . Lastly, for coping, final summed scores for each type of coping range from as low 246 as 2 to as high as 45, depending on the type [14] . 247 248
Contextual variables were processed independently from one another depending on the 249 items. Some demographic variables were dummy coded, such as gender (1 = male, 2 = female), 250 ethnicity (0 = non-white, 1 = white), student citizenship status (domestic = 1, international = 2), 251 degree program (1 = MS, 2=PhD), department (1 = BCMB, 2 = EEB, 3 = GST, 4 = Micro, 5 = 252 Other), and teaching experience (0 = Novice GTA with < 1 year of experience, 1 = Experienced 253 GTA with 1 year or more of experience). The term 'international student' is defined as 254 individuals enrolled in higher education institutions who are on temporary student visas and are 255 often non-native English speakers. The terms, 'domestic,' 'local,' or 'resident students' refers to 256 students who are native English speakers residing in their own country [40] . The investigator-257 created items for general anxiety and perceptions of teaching support were all kept as 258 independent items and not summed or averaged, as they were not from a validated instrument. 259 260
To address the first research question (examining the differences in anxiety among 261 GTAs) t-tests or one-way Analysis of Variance (ANOVAs) were used to calculate differences in 262 anxiety, self-efficacy, coping, or other survey items between subgroups (gender, ethnicity, 263 department, citizenship, degree, experience level) of GTAs from the collected demographic data. 264 Researcher-created general anxiety items were examined as separate items. Descriptive statistics 265 were also calculated for each of the instruments and/or items for the entire GTA sample. 266 267
To answer the second research question (examining how anxiety, self-efficacy and 268 coping relate) two types of statistical models were developed: bivariate correlations and multiple 269 linear regressions (MLRs). We computed correlational analyses to examine the strength and 270 direction of the relationships between each construct in the study. These correlations allowed us 271 to initially explore the relationships between teaching anxiety and other constructs (self-efficacy, 272 coping, general anxiety) and the contextual variables. Building on these analyses, we next 273 developed multiple linear regressions (MLRs) that included self-efficacy and coping as 274 predictors within the same model. The correlations of continuous variables and those suggested 275 by the literature were used to inform model development. According to Tabachnick and Fidell 276 [41] , the primary goal of regression analysis is often to investigate the relationship between a 277 dependent variable and several independent variables. Here, we sought to identify the combined 278 variance in teaching anxiety that was accounted for when considering multiple independent 279 variables (e.g. teaching self-efficacy, coping, demographic, and contextual variables). The 280 variables that were included in the initial model before step-wise selection, were the results from 281 the 3 instruments (teaching anxiety, teaching self-efficacy, and coping), general anxiety, teaching 282 support, hours to prepare for teaching, and demographics. All values from the instruments were 283 z-scored for comparison. A step-wise selection procedure was used to select the variables that 284 explained significant variance (R 2 adj). 285 286
To compare multiple models and determine the most parsimonious, a measure called 287 Akaike Information Criterion (AIC) was calculated (Tabachnick and Fidell 2007) . The AIC 288 captures both estimated residual variance and model complexity in one statistic. If the amount of 289 residual variance decreases, so does the AIC score. If excessive parameters are added to the 290 model, the AIC score increases. The score must be read in comparison to other models, and the 291 model with the lowest AIC score is considered the model that explains the greatest variance of 292 the dependent variable, while maintaining parsimony. Within each model, variance inflation 293 factors (VIF) were also calculated. VIF quantifies how much the variance within a model is inflated 294 by multicollinear variables [41] . If the VIF exceeds 4, further investigation is needed. If the VIF is 295 greater than 10, there is multicollinearity between variables that needs to be corrected [42] . All 296 survey analyses were conducted in R [43] . 297
RESULTS
299 Eighty-nine graduate students completed the Fall 2016 survey. A total of 115 individuals 300 attempted the survey, and 89 completed the survey. List-wise deletion of participants was used to 301 handle missing data when participants failed to answer more than 5 items in a row. To deal with 302 randomly missing data, mean substitution was used. These GTAs were predominantly white 303 (70%), domestic (73%), experienced (70%), PhD students (90%). Participants were evenly split 304 between genders, with 55% identifying as female (see Table 1 ). 9 305 Table 1 : Summary of the demographics of Graduate Teaching Assistant (GTA) participants (n = 89 total), the calculated mean 306 teaching anxiety with standard deviation, and the average self-efficacy (SE) scores and standard deviations across each subgroup. 307 There were no significant differences in teaching anxiety among subgroups. Self-efficacy is measured on a 1-5 Likert scale, with 1 308 being "Not confident at all" and 5 being "Very confident". Significant differences (p<0.05) are indicated with stars. Table 2 : Calculated mean, standard deviation, and potential score range of coping strategies along with resulting p-values of t-tests 334 and one-way ANOVAs among different subgroups within Biology GTAs participants (n=89). Significant differences were found 335 among student Status and Ethnicity categories. Non-white, international students had significantly greater coping frequency than 336 white, domestic GTAs. The five types of coping strategies for teaching anxiety kept in the analysis were: (1) muscular desensitization, 337 (2) cognitive restructuring, (3) preparing delivery, (4) visualization, and (5) Teaching Anxiety. There were no significant differences in teaching anxiety between 343 GTAs of different genders, ethnicities, departments, year of study, or teaching experience level 344 (Table 1; Figure 2a ). However, examining the differences in general (not teaching) anxiety 345 among subgroups, we found that international, non-white students had significantly less self-346 reported anxiety in graduate school generally (t=2.77, p<0.05) and in daily life (t=2.40, p<0.05). 347 348
Self-efficacy. There were differences among the GTAs' self-efficacy: experienced GTAs 349 had significantly higher instructional self-efficacy (t=-2.28, p<0.05) than novice GTAs (Table 1;  350 Figure 2b) . This difference was not found in the learning environment self-efficacy construct. 351 There were no other significant differences in teaching self-efficacy between other subgroups 352 ( Table 1) Coping. Comparing differences in coping strategies between subgroups, we found 363 significant differences between student citizen status subgroups (domestic vs. international) and 364 Ethnic (white vs. non-white) groups ( Table 2) . There was high overlap between these two 365 subgroups; 91% percent of the white GTA population were also domestic students, and 83% of 366 the non-white GTAs were international students. Because of this overlap, we chose to compare 367 only ethnicity to further examine trends in coping, since using both subgroup categories 368 (Ethnicity and Status) would be highly redundant. We found significant differences between 369 non-white (n=26) and white (n=63) GTAs (Figure 3) . Non-white groups coped significantly 370 more often than their white counterparts. These coping strategies included a) muscular 371 desensitization (t=2.93, p<0.001), b) preparing delivery (t=2.90, p<0.001), c) visualization of 372 oneself teaching successfully (t=2.86, p<0.001) and d) seeking mentoring (t=2.68, p<0.05; for 373 further details about these coping strategies, see Methods). 374 375 376 Figure 3 : Differences in coping between non-white (n=26) and white (n=63) groups. Non-white 377 groups coped significantly more than their white counterparts for these coping strategies. These 378 coping strategies included a) muscular desensitization ( =1.5, t=2.93, p<0.001), b) preparing ∆ 379 delivery ( ( =5.4, t=2.90, p<0.0001 of teaching anxiety, teaching self-efficacy, coping, and 384 general anxiety 385 We next examined correlational relationships among variables as depicted in a 386 correlogram (Figure 4a and b, R package "corrplot" [44]). These correlational results reveal 387 associations between constructs, which provide a preliminary indication of the statistical 388 significance, strength, and the direction (positive or negative) of these associations. We found 389 that both constructs of teaching self-efficacy were significantly and negatively associated with 390 teaching anxiety (Figure 4a, r = -0.59, p<0.05) . Coping strategies had significant strong to 391 moderate correlations among other coping strategies (Figure 4a, r = 0.30-0.60, p<0.05) and 392 moderate to weak correlations with self-efficacy constructs (Figure 4a, r = 0.04-0.40, p<0.05) . 393 394
In correlations between teaching anxiety and continuous background variables (total 395 semesters of teaching experience, hours of teaching preparation, and general anxiety items), we 396 found that general anxiety had a significant positive relationship with teaching anxiety (Figure  397 4b, r = 0.46-0.67, p<0.05) . Total semesters of teaching experience were also weakly negatively 398 correlated to teaching anxiety (Figure 4b, r = -0.24, p<0.05) , general anxiety in a GTA's last 399 teaching assignment (Figure 4b , r = -0.29, p<0.05), and general anxiety in graduate school 400 (Figure 4b , r = -0.22, p<0.05). 401 402 403 Figure 4 : Correlograms of bivariate correlations among a) study constructs: teaching anxiety, 404 teaching self-efficacy, and coping strategies (N=89). Coping 1 to 6 strategies are as follows: 405 preparing materials, muscular desensitization, cognitive restructuring, preparing delivery, 406 visualization, and mentoring. Coping 1 was taken out because of poor reliability scores. The 407 second correlogram depicts correlations between b) teaching anxiety and contextual variables 408 (total semesters of teaching experience, total hours of teaching preparation, and four general 409 anxiety (GA) items related to general anxiety about being a graduate student, being a TA in a 410 GTAs most recent teaching assignment, being a GTA generally, and general anxiety in their 411 daily life). Positive correlations are displayed in blue and negative correlations in red color. 412 Correlation coefficients are proportional to the color intensity and the size of the circle. The 413 legend color shows the correlation coefficients according to the corresponding colors. 414 Correlations with p-value > 0.05 are considered as insignificant and have a blank and no circle. 415 416 417 Model for teaching anxiety 418 Using multiple linear regressions, we found that both learning and instructional self-419 efficacy significantly predicted GTA teaching anxiety, explaining 66% of the variance, along 420 with two items measuring general anxiety: general anxiety as a GTA, and anxiety related to their 421 last teaching assignment (Table 3a , R 2 adi = 0.66, p <0.001, AIC=164). A second model was 422 developed removing general anxiety measures, as that construct was measured using four non-423 validated investigator-created questions ( Table 3b , R 2 adi = 0.46, p <0.001, AIC=208). This 424 second model did not capture as much variance as the first. For the second model, the step-wise 425 selection procedure chose 9 variables, 7 of which were significant in explaining the variance in 426 teaching anxiety. These variables included both teaching self-efficacy constructs, teaching 427 experience, and 4 types of coping measures (coping through preparing delivery, cognitive 428 restructuring, and mentoring). The non-significant variables included hours of teaching 429 preparation and feelings of departmental support. This model explained 46% of variance in 430 teaching anxiety. Both models of teaching anxiety had no significant multicollinearity within the 431 model. Comparing models using the AIC scores, we found that the initial model with general 432 anxiety included was more parsimonious. VIF calculations revealed no inflation issues due to 433 multicollinearity. 434 435 In answering the research questions related to this study, we found that teaching self-445 efficacy plays an integral role in reducing teaching anxiety in Biology GTAs at our institution, 446 and that coping frequency may contribute to building teaching self-efficacy. Perhaps 447 unsurprisingly, GTA general anxiety was positively related to teaching anxiety, although those 448 results should be treated with caution because of the unvalidated nature of the general anxiety 449 items. Teaching anxiety appeared as a normal distribution in our population, with the majority of 450 GTAs reporting moderate levels of anxiety. This anxiety is universal among subgroups, with 451 similar levels of anxiety across genders, ethnicities, student status, and experience level. 452 Interestingly, what significantly differed among subgroups was teaching self-efficacy and 453 frequencies of different coping strategies. Experienced GTAs had significantly greater 454 instructional self-efficacy than novice GTAs. Non-whites and international GTAs had greater 455 coping frequency than their white, domestic student counterparts. Since we did not find a 456 significant difference in teaching self-efficacy among those groups, effective coping strategies 457 may be contributing to the lack of anxiety differences. 458 459 Teaching anxiety levels were mostly similar among GTAs, but general 460 anxiety differed 461 Despite evidence suggesting female graduate students suffer higher rates of general 462 anxiety and depression than male graduate students [2], we did not find gender differences in 463 teaching anxiety. Teaching is a role often dominated by women, especially in primary and 464 secondary education [45] . Women gravitate toward teaching-centered occupations more often 465 than men, with sometimes greater self-efficacy for the task compared to their male counterparts 466 [46, 47] . When comparing how gender role socialization might contribute to gender differences in 467 self-efficacy and confidence, Betz and Hackett [46] found that women demonstrated 468 significantly greater self-efficacy for traditionally female occupations and much lower efficacy 469 for traditionally male occupations compared to men. These trends in self-efficacy between 470 genders, however, have not always been consistently observed [24,48,49] More recently, when 471 comparing effects of teaching professional development (PD) between genders, [24] found 472 female graduate students had lower self-efficacy than male GTAs when both groups lacked any 473 PD experience. Interestingly, this gap became significantly smaller as women became more 474 engaged in teaching PD activities. In our study population, GTAs are supported by many 475 teaching PD opportunities at the institutional and departmental level, possibly increasing self-476 efficacy and decreasing teaching anxiety in female GTAs [25] . Though we did not explicitly ask 477 about the intensity of their PD participation, 70% of the study participants were experienced 478 GTAs, making the likelihood of GTAs having participated in PD (via CIRTL programs, early-479 semester orientation or course preparation meeting, and workshops let by institutional Teaching 480 and Learning programs) higher. 481 482
Though no teaching anxiety differences were found among other subgroups, 483 international, non-white students were found to have significantly less general anxiety than their 484 domestic, white student counterparts. We had predicted that those not acclimated to Western 485 cultures and languages would be more anxious teaching [34,50-52], however, our data suggested 486 no discernable differences between these groups. International, non-white GTAs had 487 significantly greater frequency of coping strategies than domestic, white GTAs. Therefore, a lack
